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III. Abstract — — — — 

Using transparent optical coatings of controlled index, we have demonstrated a laser gain element with 
total-internal-reflection used to Confine pump light while suppressing parasitic oscillations which would otherwise 
deplete the stored energy. The index of refraction of the transparent optical coating determines which ray s undergo 
reflection at the interface between the gain element material and optical coating Rays with angles larger than this 
critical angle for total internal reflection reach the outer surface of the coatmg. By depositing a diffuse reflectance 
material such as powdered BaS04, an absorbing film such as Ge, or roughening the surface to reduce the specular 
reflectivity, these rays can be absorbed or scattered. The principle was demonstrated with a rectongular 
SaUelpSed Yb: YAG slab of dimensions 2.5 x 3.5 x 100 mm using A1203 coatings and a combination of India 
ink and BaS04 diffuse reflectance material on the outer surfaces. The experiments showed a net gam of 0.8 nepers 

r m ™virpH t o a nreHirtftH vain* nf 0 npnp.rs without thft POatinPS , ■ 


IV. Keywords for Potential Licensees 


List keywords for database searches for appropriate companies to contact concerning your invention. 
Parasitic laser oscillations, diode-pumped solid-state lasers 


V. Keywords for Patent Search 


List keywords we can use for an effective patent search. 
Parasitic laser oscillations, diode-pumped solid-state lasers 
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VI. Uses of the Invention 


List past uses, current uses and potential uses for your invention 
LLNL or Government uses or possibiliti s for use: 

Parasitic suppression in solid-state laser devices where the laser or pump beams are reflected off of a surface of the 
gain element. For applications involving laser illumination, materials processing and laser weapons. 


Commercial or other uses or possibilities for use: 

Same as above. 


VII. Documents Describing the Invention 


Documents publications, and presentations describing the invention that you have published or prepared for pi 
include presentations and publications planned within one year from now. Please attach a copy of prepnnts, an 

iblication, or preseni 
tides, or viewgraphs 

Date 

ted on the subject Also 
Publication # 

Title/Subject 

Briefing to Boeing (formerly Rockwell): "Kilowatt-class Yb: YAG slab laser for illuminator applications" 

Jul 2, 1997 


Air Force personnel from Phillips Lab 

1997 


Briefing to CRADA partner personnel 

Sep 9, 1997 


















VIII Docu ments Describing Prior Art (Please include copies of these documents.) 

Related Documents (including patents, other publications) Please include patent numbers, authors, title, publication date, etc. 

"Parasitic Oscillation Suppression in Solid State Lasers using Absorbing Thin Films , Patent No. 5,335,. 

Zapata, and references therein. 
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IX. Background — 

Background of the invention, including tecnnical problems addressed by it 


Backaroundof the nvennon, nciuaing iewiiin-oi viuuioiMaouu.=^»- . 

mmanv laser devices the laser and/or pump beams are reflected off of a polished face of the laser gain element. 
£r?nsLnc ^ the zig zag slab laser geometry relies on low-loss reflections of the laser beam, and many systems 
Sinne aMode pump light by total internal reflection off of polished faces of the laser rod or slab. Since parasitic 
oscUladons or aTplififd spontaneous emission can also reflect off of these faces it is usually necessary to take 
areat care to ^SvoTdgeometries where rays can be reflected with low loss and path lengths long enough o result in 
ffiS&^fiuion and depletion of the stored energy. In cases where these undesirable rays fill the entire 
tain vohime the entire stored energy can be depleted befor useful extraction. In particular some of these 
uSabk ray! -can be trapped in me laser volume via total-internal reflections, suffering little or no loss. This 
can prevent any useful gain > 0 nepers. 

Lasers to date have solved this problem by applying a ground finish to reduce the specular reflectivity or applying 
a Tabsorbino film or layer to some of the surfaces of the laser gain element. This limits the design options since 
lS^efleSivity can impact pump delivery or possible laser geometries. Our invention enables surfaces to 
have CsicSar reflectivity for high angles which would be sampled by parasitic oscillations, but maintain high 
reflectivity for low angles useful for confining pump light or reflecting the laser beam. 


X Invention D escription . ; — — — 

Description of the invention (you ma y also attach a paper). Please include a sketch ot tne invention, if possible 


L/COVII^MWl « " •~ w ' ... _ . _ 

Fieure 1 (attached) shows a surface of a laser gain element with incident rays rl and r2 at angles 61 and 62. The 
surface of the gain element (with index nl) shown in the figure has a transparent coating of index n2. For coating 
thicknesses sufficiently large, angles 61>ArcSin(n2/nl) are reflected at the gain element/coating interface by total 
internal reflection. Alternately, rays of angle 92<ArcSin(n2/nl) are transmitted into the coating. In o^vention 
Sis second surface of the coating has a low specular reflectivity which prevents the ray from being reflected back 
SS?SS«^eteiiient, even if the index if the surrounding medium is such that the ray might omerv/isebe 
reflected^ S internal reflection. (If the reflection from this other surface is not suppressed, note that rays 
could still undergo total internal reflection for 63>ArcSin(n2/n3) where n3 is the index of the surrounding medium, 
i e coolant). This low specular reflectivity can be obtained by depositing an absorbing medium on top .of ^the 
coaSg o? mdex n2, or inducing a surface or medium which scatters incident light The latter can be obtained 
by roughening the surface or applying a diffusely scattering material such as particles of BaS04. 

The utility of this invention has been demonstrated by ray-trace calculations and experiments on a rectangular 
SSed Yb YAG slab laser gain element. For a rectangular parallelpiped slab surrounded on four sides by a 
5S^o?££ifl. and indexnf (air) on the remaining two end faces it can * !j^ F ^ be 

completely trapped by total internal reflection (i.e. with zero loss) if n3<(nl A 2-l/2) 1/2 (see attached figures l 

For Y3AJ5012 of index nl=1.82, this critical index for the surrounding medium is n3=1.677. Since 
Smmon coolants such as water (n3=1.33) have an index much lower, rectangular parallelpiped slabs with 
Sed faces on all six sides are avoided because of the presence of nearly zero loss parasitics which sweep out 
^stored [energy. Note that if we only had to worry about rays in two dimensions, we would simply require that 
the critical angle for total internal reflection be greater than 45 degrees, i.e. 45<ArcSin(nl/n3). In this way, a ray 
that was incident at angles 6 and 90-9 at the two perpindicular faces and would not undergo total internal reflection 
at both faces. 

For our experimental demonstration, we used a Yb: YAG rectangular parallelpiped slab gain element : 2.5 ix 3^5 x 
100 mm with coatings on the 2.5 x 100 and 3.5 x 100 mm sides to suppress ^parasitics. The 2 ; 5 x 3 - 5 
face^had ^reflection coatings for normal incidence 941 nm pump and 1030 nm amplified light, (continued) 
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X. Invention Description (continued) 

"Description of the invention (you may also attach a paper). Please include a sketch of the invention, if possible. 

We wanted to maintain high reflectivity for shallow angles such that the pump light at 941 nm and the laser light 
at 1030 nm would undergo total internal reflection with zero loss. Therefore, we wanted to apply a coating of 
index only slightly larger than the n=1.677 value in order to maintain reflectivity over the widest range of angles 
without trapping parasitic rays. Since no standard thin film materials are very near this index, we initially used 
A1203 coatings (n=1.62) despite its index being slightly below the desired value and then for our second iteration 
we used a multilayer of A1203 and Hf02 to yield an effective index of n=1.7. The latter was calculated using a 
commercially available multilayer thin film computer program (TFCalc). 

To suppress the reflectivity of the outer surfaces of the coating, we identified several possible methods. A 
straightforward method is to apply an absorbing film such as Ge or Cr, although this would result in local heating 
as fluorescence and ASE is absorbed in the thin coating. Alternately, a diffusely reflecting surface can be obtained 
by applying a thick layer of nonabsorbing particles of sizes on the order of the wavelength of the incident light. 
This is the basis for the BaS04 coatings commercially sold by Kodak for diffuse reflectors (e.g. integrating 
spheres). We also investigated A1203 and Zr02 "high temperature paint" which was found to survive >100 
W/cm A 2 1.064 |im light. Since the BaS04 was straightforward to apply most of our experiments used this 
material. We also investigated the possibility of obtaining a ground surface finish on the exterior of the parasitic 
suppression coating. One option investigated here was to use ZnS as a soft, layer to be ground, with the harder 
oxide material as the etch stop. This seemed to be a higher risk approach and was shelved until deemed necessary. 

In a zig-zag slab, only two of the faces are cooled in order to maintain one-dimensional heat flow. On these faces 
we decided that absorbing the fluorescence would be the best solution since this could be done with very high 
efficiency. In this case, the cooled side faces (3.5 x 100 mm) had the n=1.7 multilayer cladded by an absorbing 
layer of Ge. The top and bottom faces (2.5 x 100 mm) of the slab, which are usually insulated in the zig-zag 
design, had the n= 1 .7 coating with BaS04 particles applied to the outer surface. The attached Figure 4 shows the 
calculated reflectivity vs angle at 1030 nm for the 3.5 x 100 mm faces. Using a He-Ne probe beam, we verified 
the sharp angular cutoff at the internal angle of -70 degrees. 

Figure 5 shows the utility of these coatings verified with pulsed gain measurements performed on the Yb: YAG 
slab. With the coatings, a gain of 0.8 nepers was achieved in a geometry that would otherwise not generate any 
gain (i.e. 0 nepers) 

This approach can also be applied to other laser gain element geometries such as rods. Measurements of the gain 
profile in our rods with polished barrels indicate the presence of barrel modes trapped in a radius r > 
r(rod)*n(coolant)/n(YAG). The attached viewgraphs describe an approach which was proposed but not 
implemented for reducing the effects of the trapped barrel modes. 
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/VII. 1 Ul IWIl ivj wwvtiww . — — — : 1 

Funding Source or Project Under Which the Invention Arose (Include subcontracts, C RAD As, international agreements, work for others, or special project 
information.) 

Boeing (Formerly Rockwell) CRADA TC0195-92 


Resource Manager Phone # 
Kathv Allen 3-4009 

Is funding presently being provided for □ Yes 
development of your invention? ■ No 

LLNL Acct # 

4720-35 

B&R # 
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Please state the source of funds (if same as above, please so state) 

Subcontract # 

DOE Program Code 

Do you reasonably expect future funding □ Yes 
from the current source or other sources? q no 

CRADA # 

Work for Others # 

If yes, what is that source? 


XIII. Conception of the Invention 


Conception Date 

May 1997 


Conception Place 

, LLNL 

Earliest documentation of your invention (please provide date and identify the document) 
Thermal calculations for slab laser incorporating these coatings were performed May 1997. 
Test coatings on YAG witness samples ordered 6/23/97 from Quality Thin Films (Oldsmar, 
Florida) 


First Sketch or Drawing Date 


First Written Description Date 


Names of Witnesses or others with knowledge of facts relating to conception (preferably at least 2) 


Full Name 


Organization 


Telephone Number 


William F.Krupke 


LLNL 
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Steven A. Payne 


LLNL 


(925)423-0570 
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Date first model completed 

Oct L 1997 

Date of operation and testing 

Nov I, 1997 

Place of test 
LLNL, Bl 66 

Results of testing 1 0 

First tests showed parasitic threshold of 0.35 nepers of gain, improved design (Dec 1997) showed 0.8 nepers 

Witnesses or others with direct knowledge of test (preferably at least 2) . , _ _ — . 

Full Name 
Joel Speth 

Organization 
Lasers 

Telephone Number 
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Scott Mitchell 
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If yes, explain 
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invention been 

put into use? q n 0 

Is the invention 
scheduled to be 
put into use? 

■ Yes 

□ No 


Date 

Has the invention been disclosed 
to non-LLNL personnel? 

■ Yes 

□ No 

If yes, 
to whom 
and when? 

Name 

Dennis Harris, Boeing (Formerly Rockwell) 

Jul 2, 1997 

If yes, was the disclosure done under 
a non-disclosure agreement? 

□ Yes 

□ No 

Petras Avizonis, Boeing (Formerly Rockwell) 

Jul 2, 1997 
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